Aim-To examine the hypothesis that, apart from prematurity, intrauterine growth status (expressed as gestational age specific birth weight standard deviation scores), neonatal factors, and duration of dexamethasone treatment influence bone mineralisation in early infancy.
Metabolic bone disease, characterised by decreased mineralisation of osteoid tissue, is a recognised complication in very low birth weight premature infants. Although preterm and term small for gestational age (SGA) infants have lower bone mineral content (BMC) at birth than infants of appropriate size for gestational age (AGA), 1-6 the joint eVects of prematurity and intrauterine growth retardation on postnatal bone mineralisation are controversial. 7 Moreover, diseases associated with prematurity and their treatment may also aVect BMC values. This is particularly true for dexamethasone treatment of chronic lung disease (bronchopulmonary dysplasia). [8] [9] [10] Previous data show that body size aVects BMC. 11 12 We therefore decided to measure postnatal bone mineralisation when our preterm infants and controls had attained similar body size. In this study, we examined the hypothesis that, apart from prematurity, intrauterine growth status (expressed as gestational age specific birth weight standard deviation scores), neonatal factors, and duration of dexamethasone treatment influence bone mineralisation in early infancy.
Patients and methods
This prospective study consisted of 58 preterm infants: 15 preterm SGA infants and 43 preterm AGA infants. A reference group consisted of 17 term infants. Table 1 shows neonatal and growth data for the study infants. Eighteen infants received dexamethasone treatment for chronic lung disease; table 2 gives the pertinent clinical data. At birth, the infants were classified as SGA on the basis of gestational age specific birth weight standard deviation scores. 13 The normal range for gestational age specific birth weight standard deviation scores is −2 to +2 SD, and the infants below −2SD formed the SGA group. Gestational age specific birth weight was −2.8 (0.5) SD units (mean (1) SD) in the SGA group and −0.3 (1.1) SD units in AGA preterm infants. All infants were born at Kuopio University Hospital, Kuopio, Finland between November 1995 and September 1998. We excluded infants whose mothers had any clinical conditions known to aVect calcium metabolism, such as diabetes, or parathyroid, bone, renal, and gastrointestinal disorders. None of the infants had congenital malformations, chromosomal abnormalities, or intrauterine infections. Informed parental consent was obtained for all study infants, and the study was approved by the ethics committee of Kuopio University Hospital. After birth, preterm study infants of gestational age < 33 weeks (n = 35) received a recommended amount of 100-105 mg of calcium/100 kcal (418 kJ) and 60-70 mg of phosphorus/100 kcal. 14 This consisted of calcium 50-55 mg/100 kcal and phosphorus 20-25 mg/100 kcal from banked human milk and supplementation with calcium 45-50 mg/100 kcal (as calcium carbonate) and phosphorus 40-45 mg/100 kcal (as sodium diphosphate). To avoid solubility problems, calcium and phosphate were given separately in three divided doses a day in the middle of milk feeds by syringe through a nasogastric tube. This supplementation, together with vitamin A 1000 IU/day, vitamin D 400 IU/day, and vitamin C 2 mg/day, was started soon after birth and continued until the weight was 2.5 kg or until discharge if it occurred earlier. Infants born at > 33 weeks (n = 23) received only vitamin D 400 IU/day. In hospital, all preterm study infants received banked human milk fortified with a special formula containing hydrolysed whey protein to provide 2.4-3.0 g of protein/kg/day and a daily energy intake of 135-140 kcal/kg/day until they reached 2.5 kg. After discharge from hospital, the diets of all the infants were routinely supplemented with vitamin D 400 IU/day. At the time of examination, 27 out of 58 (46%) preterm (six SGA and 21 AGA) infants were being breast fed. Weight and height gain per week were calculated until the day of examination to assess the rate of growth. Weight matched full term controls (n = 17) were breast fed until examination.
We measured postnatal bone mineralisation in the study infants when their mean weight was 5.2 (0.3) kg in the SGA group, 5.1 (0.3) kg in the AGA group, and 5.1 (0.3) kg in the reference group. Bone mineral density (BMD) and BMC of the lumbar spine (L2-L4) were measured by dual energy x ray absorptiometry (DXA) using a Lunar DPX densitometer (Lunar Radiation Corporation, Madison, Wisconsin, USA) with software version 3.8. The lumbar vertebrae L2 to L4 were chosen for measurement because previous data from adults indicate that steroid induced bone loss is most pronounced in trabecular-rich regions such as the vertebral bodies. 15 16 Trabecular bone is also more sensitive to mineral changes than cortical bone. 17 Scans were performed by a trained nurse. DXA expressed BMD in g/cm 2 and BMC in g. All scans were performed with the child in a supine position and without sedation. The children were directly observed at all times by the person performing the scan. The scanning procedure was interrupted if any movement artefact was noted, and a repeat scan was performed when the child was pacified.
STATISTICAL ANALYSIS
Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) for Windows 6.0. The non-parametric Mann-Whitney test was used to determine diVerences between AGA and SGA groups and between preterm and the reference groups.
To identify the factors that would aVect BMC values in the preterm study infants, partial correlation coeYcients were calculated between BMC and other variables while controlling for the eVects of age, height, and weight at the time of examination. Forward stepwise multiple regression analysis was then carried out with BMC as the dependent variable. All continuous variables were converted into natural logarithms to linearise their relation with BMC (including BMC). Bone area, weight at examination, height at examination, gestational age specific birth weight standard deviation scores (indicating intrauterine growth status at birth), gestational age, duration of dexamethasone treatment, and weight and height gain per week were entered into the analysis as independent variables to discover the most significant factors explaining the variance in BMC values.
Results
Both preterm SGA and AGA groups had significantly lower lumbar BMC and BMD than the term reference group, but there were no significant diVerences in lumbar BMC, BMD and bone area between preterm SGA and AGA infants (table 3) . Even when dexamethasone treated infants were excluded, lumbar BMC and BMD were similar in the preterm SGA (BMC 1.36 (0.37); BMD 0.19 (0.04)) and AGA (BMC 1.28 (0.27); BMD 0.17 (0.03)) groups (p values 0.622 and 0.266 respectively).
When the eVects of age, height, and weight at the time of examination were controlled, BMC correlated with gestational age (r = 0.2691; p = 0.047), bone area (r = 0.3439; p = 0.010), duration of respirator treatment (r = −0.3091; p = 0.025), and duration of dexamethasone treatment (r = −0.2840; p = 0.036), but not with either the gestational age specific birth weight standard deviation scores or the duration of breast milk feeding. In forward stepwise regression analysis performed for preterm infants (table 4) , bone area, duration of dexamethasone treatment, and weight at examination were the best variables, explaining 54% of the variance of the BMC values.
Discussion
Interpretation of BMC measurements by DXA in preterm infants is diYcult because confounding variables such as gestational age, body size, and dietary intake should be considered. Several studies of diVerent groups of infants (AGA and SGA infants, 6 and infants of diabetic mothers 19 ) have shown that whole body BMC correlates with gestational age and body length, and even more closely with body weight. Therefore we decided to compare postnatal bone mineralisation of preterm infants with that of weight matched full term controls. Under these circumstances, we found that both preterm SGA and AGA groups had significantly lower BMC values than the term reference group. We did not find lower BMC values in preterm SGA infants than in preterm AGA infants, as shown previously. 7 It is unlikely that diVerences in feeding influenced our results, because the feeding regimen was similar in both preterm study groups. The preterm infants receiving dexamethasone treatment for chronic lung disease were particularly at risk of decreased bone mineralisation, according to our data. Similarly, in a previous study, 8 preterm infants treated with dexamethasone for a considerably longer mean period of 37 days had lower radial bone mineral accretion than controls at six months corrected age, while two other studies 9 10 failed to show diVerences in forearm BMC values between dexamethasone treated preterm infants with bronchopulmonary dysplasia and controls. Several factors may explain the dexamethasone eVects observed in our study. Firstly, dexamethasone may have a direct negative eVect on bone metabolism. 18 Secondly, infants treated with dexamethasone, who obviously had more respiratory morbidity (as shown by the need for longer periods of ventilation and supplemental oxygen), also had less weight and height gain per week and lower weight at examination than non-dexamethasone treated prematures. The results imply that low BMC values in dexamethasone treated infants may in fact be related not to dexamethasone treatment per se but to the lower weights of the infants at the time of examination. We suggest that the variance in BMC values may be related to the variations in the individual weights.
We conclude that prematurity, rather than intrauterine growth status, aVects postnatal bone mineralisation. More information is needed on complex inter-relations between nutritional factors, early growth, and bone mineral content before the eVects of dexamethasone on bone mineralisation can be assessed.
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